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SPHERE ROLLS IN CONTACT 
WITH THE TUBE WALL 
REGION B 
SPHERE MOVES AT CONSTANT DISTANCE 
FROM TUBE WALL AND ROTATES. 
ANGULAR VELOCITY DECREASES AS 
ANGLE DECREASES 
REGION C 
REGION OF "EQUILIBRIUM;' I. E. , 
RECTILINEAR MOTION WITH NO 
ROTATION 
REGION D 
SPHERE DEVIATES FROM STRAIGHT 
LINE MOTION. OSCILLATIONS BECOME 
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TM _,1e ot tM1l•tlca •• 4•tenuut ¥ -••rl1g 
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LIFT COEFFICIENT (.,,.,) Vs SINE 
OF INCLINATION ANGLE ( 7T2 ) 







0.130 0.140 0.150 0.160 0.170 0.180 










u - 0.105 
~ 
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IJ.10 150 2 .00 
0150 
7T'2 = SINE 8 
2.50 3.00 
2 
7T' • fl. 
2 Ps2 g d 3 
0170 
1T6 Vs 1T3 
FOR 1T4 = 0 .190 
0 0 .1516 
0 0.1600 
() 0.1679 
0 0 .1768 
0190 
ell• tt) ut ,,4 •" Ml.4 caoutut. ~1•• Ml ta--.,•• •t 
'- il&Ml •N 11••• 1• ta•1• a. tt. 1s. ... p:Lott• ta llPN 
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...., -.,..,.. "3 • 1'1t7J0 8A •-. • 0.190, 
"' • 0·31?? • l·t• • 11·6 ., 
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lroi..A . , ·····-1Jt' • o. '°'' -)·~ a io· ·. • · 
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7r6 Vs 774 
FOR CONSTANT VALUES 
OF -rr2 AND 7r 3 
;r2 7r 3 
01768 14,240 
0 .1600 17, 750 
0 .1679 14,240 
0 .1600 14,240 
0 .1516 17,750 
0 .1436 28, 880 
0.14 36 22,430 
0 .200'--~~~~~-'-~~~~~~.L....~~~~~--1.~~~~~~-L~~--l 
0 0 .10 020 d 0.30 0.40 
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"1 ••a tllaot..t• ot , ... ,_.laal Yelo6lt7, Yl.1 ... 1Q', U4 
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JUgh\ Y&rtab1••· ••ttlYM '"* \he POM'l'f• P1•1-1 -~ 
t1•t et tb• tlu14 a'&d ,._ PM"• Al\tt. t~ tot>M 17•\Mt ..... 
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Table 7 (Contt....S) 
•2 tr' 
0 .. 1?'8 22 ... ,0 
it:Z 
&.1600 22,. .. )0 
1t·Z l ., 
.0.1516 12,.lfJO 
11,?So 










"'• - 0.22& ··--· 1~:-- . __,-~ tloa 
c.11~ 0.112, 
o.11;a o.1c'1 





0.09'0 o .. = 0.0910  .• 
o.aa79 0.(;87j 
0.0172 
o.oe-32 '·*' o.oea 
o.oteG 0.0771 
o.°"8 o.*' 
tr .... 0.21, 





























0•09'2 ...• ,, 
o.&82' 
' • 0.326 
~· aqu-
1 ... , ti on 
0.1,,.. 















...... ; ;l11 . I ' t 
181810 , ..• ,. 
17,750 
I . '111' rt 
t1U .. ll I He ' 1 , :it~r•• IPJll r ' · ' 
dl 1PJfil• I ..... . .. 
-o.-.,ot 
• t .. )'J91 
... o.rr,_ 
' a · f 
"'t n• .. I IJ u dll ti .. •1 - ts. an t ... . ....... ,.. .. i!lii IS. t. - I ( l)U'e$: .~ .. 111••1• ~~ 




n W I . i $ l. ll t 
Wiltil Ut. . 1Pt . lHWilt~--'•llllllMl ___ ,,_" __ IR1 __ \......... t•1--~f-1Jlloilt#e_l ......... i_l_IOl!lilblil!-O llilil •I .. I •. lil01-·t J' Mll•' -·· -·-l---1) ..... ...... 




• 2 .. 01t0 s 10•·' 
·1·"'. 10-'· 
... 1.9fe • io ... , 
-l-9$$ • 11-6 





LJ trt;;I I • (,I . I . t · 011•1. 1 1·.-. 
11 





··-•• a ·· r1 ·.· o•*l! ' "f 41 111181.11t ' Uli . "l'IJ ,...., "i 1Pttl'f . ?11i '. l 
81 
••• ·· ' ·~·r1r · 1. 1' ar ti .JI . • ( ti ' $ 
I 111 ;'I ' ttiWH •• t ·: ii ' I f; ', 1. I kl ..... .. • ' . p i TI ~'' • al Uli ' . '" I ' Ill . "8A1t f!!kl "1i A i • .• ·r ,. )If. ,, n ... 
1?,,,. 
.... , u.,,.,, 
1?.7$0 
1 Wu 11r .J 




I AM ' .IT 1•• f · -
